The determination of specific surface area of ACPs TEM image directly showed the state of aggregates, but care should be taken to the overlap region. The overlap in a TEM image does not represent the actual overlap in real 3D space because a TEM image is a projection of a 3D volume. So, the challenge in the analysis of a TEM image is to obtain the real overlap parameter of aggregates. Fortunately, this problem has been solved in previous work, S1 which has been widely applied in the study of aggregates. S2-S6 It was corroborated that the real Electronic Supplementary Material (ESI) for RSC Advances. This journal is
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The projected overlap parameter can be directly obtained from TEM images, where all the position and size of particles can be measured by the ImageJ software. S7-S8 In the followings, we will tell how to calculate the specific surface area of aggregates from the overlap parameter and the radius of particles.
Scheme S1. The scheme of partial overlapped ACP spherules.
For partial merged ACP aggregates, it can be simplified as partial overlapped spheres (Scheme S1). To estimation of specific area (surface area per unit volume of a material) of aggregates, one needs to take into account the overlap parameter (C ov ) of primary particles, which is given as,
Where h is the overlap of two spheres. The total surface area (A ACP ) and the total volume (V ACP ) of aggregates can be obtained by,
where both the surface area and the volume of caps that were embedded inside aggregates should be discounted from the each sphere of aggregates. [X] is the mean value for X; N is the total number; N c is the coordination number of each sphere, which means on average, how many particles are overlapped with a central particle. The surface area and volume of a cap with height of h/2 are given as,
The specific surface area (S a ) is give as,
where f and g can be determined by C ov (cf. eqn (S6), (S7)). So, for aggregates, given the overlap parameter (C ov ), the mean radius of primary particles ([r] ), and the coordination number (N c ), the specific surface area can be obtained by eqn (S8).
Effect of image contrast on the size and overlap measurement by TEM observation method
We measured the size and overlap behavior of particles from TEM image by controlling contrast. The results showed that if the contrast is not in extreme case, the measured parameters are almost the same (Fig.   S11 ).
Validate TEM observation method by BET measurement
Due to the amount of formed ACPs were small and BET measurement needs at least 100 mg samples to test, so here we used nano-silica as prototype particles. TEM observation method and BET measurement were used to determinate the surface area of nano-silica, respectively.
The results show that the surface area of nano-silica is 53.4 ± 0.3 m 2 g -1 using BET measurement (Fig. S12) . For TEM observation method the surface area is 54.8 ± 4.5 m 2 g -1 (Fig. S13) . So, the specific surface area of ACP aggregates can be obtained by TEM images, as shown in Fig. S14 -S16.
S2 Supplementary figures
Fig. S1 FTIR spectra of minerals formed at different stages (numbers were marked in Figure 1a ) (1) amorphous calcium phosphate (ACP) was existed at 10 min; (2) and (3) ACP was transformed into HAP (t = 45 min, 50 min), identified by the splitting of 570 cm -1 absorption peak; (4) crystallized HAP at 100 min. The absence of absorption band at about 917 cm -1 which is P-(OH) stretch and OH inplane bend of HPO 4 , indicating there was no OCP existed. (Fig. S4d-f) , the effective S a should be rescaled as 0.0800*(2/3) = 0.0533 nm -1 .
Fig. S16
The mark of primary particles for ACPs at post-mixing experiment and the determination of specific surface area. Table S1 . The composition of SBF solutions with different calcium and phosphate concentrations at pH = 7.4, T = 37 o C. The Ca/P is kept at 1.67. The supersaturation (S) of mineral crystal before (S) and after the precipitation of ACP (S eff ), and the free calcium concentration ({Ca eff }) after ACP precipitation. 
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